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would be chosen to enhance bioavailability or stability of the compound for the 
appropriate mode of employment (e.g., oral or parenteral routes of administration). 

A composition intended to be administered by injection can be prepared 
by combining the cyclohexylamine compound with water, and preferably buffering 

5 agents, so as to form a solution. The water is preferably sterile pyrogen-free water. A 
surfactant may be added to facilitate the formation of a homogeneous solution or 
suspension. Surfactants are compounds that non-covalently interact with the 
cyclohexylamine compound so as to facilitate dissolution or homogeneous suspension 
of the cyclohexylamine compound in the aqueous delivery system. Surfactants are 

10 desirably present in aqueous compositions of the invention because the 
cyclohexylamine compounds of the present invention are typically hydrophobic. Other 
carriers for injection include, without limitation, sterile peroxide-free ethyl oleate, 
dehydrated alcohols, propylene glycol, as well as mixtures thereof. 

Suitable pharmaceutical adjuvants for the injecting solutions include 

15 stabilizing agents, solubilizing agents, buffers, and viscosity regulators. Examples of 
these adjuvants include ethanol, ethylenediaminetetraacetic acid (EDTA), tartrate 
buffers, citrate buffers, and high molecular weight polyethylene oxide viscosity 
regulators. These pharmaceutical formulations may be injected intramuscularly, 
epidurally, intraperitoneally, or intravenously. 

20 Pharmacological Testing 

As noted above, the present invention provides for utilizing the 
compounds described above in in vitro and in vivo methods. In one embodiment, ion 
channels, such as cardiac sodium channels, are blocked in vitro or in vivo. 

Ion channels are ubiquitous membrane proteins in the cells of warm- 
25 blooded animals such as mammals. Their critical physiological roles include control of 
the electrical potential across the membrane, mediation of ionic and fluid balance, 
facilitation of neuromuscular and neuronal transmission, rapid transmembrane signal 
transduction, and regulation of secretion and contractility. 
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light, and/or sealed from contact with ambient air, and/or formulated with suitable 
coatings or excipients. 

The following examples are offered by way of illustration and not by 
way of limitation. In the Examples, and unless otherwise specified, starting materials 
5 were obtained from well-known commercial supply houses, e.g., Aldrich Chemical 
Company (Milwaukee, WI), and were of standard grade and purity. "Ether" and "ethyl 
ether" each refers to diethyl ether; "h." refers to hours; "min." refers to minutes; "GC" 
refers to gas chromatography; "v/v" refers to volume per volume; and ratios are weight 
ratios unless otherwise indicated. 
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was heated to 80°C and then the temperature reduced to 40°C. The resulting yellow 
solution was poured into ice-water (1500 mL) and extracted with ethyl acetate (3 x 300 
mL). The combined organic extracts were backwashed with a saturated aqueous 
solution of sodium chloride (500 mL) and dried over sodium sulfate. Evaporation of 
5 the solvent in vacuo provided 13.4 g of an amber oil which was dissolved in water (150 
mL) and the pH of the solution was adjusted to pH 2 with aqueous 1M HC1. The acidic 
aqueous solution was extracted with ethyl ether (2 x 100 mL) and then basified to pH 10 
with 50% sodium hydroxide aqueous solution. The basic aqueous solution was 
extracted with ethyl ether (2 x 1 00 mL), the combined organic layers were dried over 

10 sodium sulfate and concentrated in vacuo to leave 7.16 g of the crude free aminoether. 
The crude product was purified by chromatography on silica gel 60 (70-230 mesh) with 
a mixture of ethyl acetate-chloroform (1:1, v/v) as eluent to yield 4.37 g of the pure free 
base. The product was dissolved in ethyl ether (80 mL) and converted to the 
monohydrochloride salt by adding saturated solution of HC1 in ethyl ether (80 mL). An 

15 oil came out of the solution, the solvent was evaporated in vacuo and the residue 
dissolved in the minimum amount of warm ethyl alcohol, addition of a large volume of 
ethyl ether triggered crystallization. The crystals were collected to afford 3.83 g (31% 
yield) of the title compound, m.p. 158-160°C, having the elemental analysis indicated in 
Table 1. 

20 

EXAMPLE 2 

(±)-Trans-[2-(4-Morpholinyl)-1-(1-Naphthenethoxy)]Cyclohexane 

Monohydrochloride 
(Compound #2) 

25 (i) The starting /rarcs-aminocyclohexanol is prepared according to 

example 1. 

(ii) To a chilled (0°C) solution of (±)-/ram-[2-(4- 
morpholinyl)]cyclohexanol (6.0 g, 32 mmol) and triethylamine (6.8 mL, 48 mmol) in 
dichloromethane (100 mL) was added via cannula a solution of methanesulfonyl 
30 chloride (3.10 mL, 40 mmol) in dichloromethane (50 mL). The addition was completed 
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crystallization. The crystals were collected to afford 2.30 g of the title compound, m.p. 
198-200°C, having the elemental analysis indicated in Table 1 . 

EXAMPLE 3 

5 (±)-Trans-[2-(4-Morpholinyl)-1-(4-Bromophenethoxy)]Cyclohexane 

monohydrochloride 
(Compound #3) 

(i) The starting /r<ms-aminocyclohexanol is prepared according to 

example 1 . 

10 (ii) To a chilled (0°C) solution of 

(±)-/ra« 4 y-[2-morpholinyl)]cyclohexanol (3.0 g, 16.2 mmol) and triethylamine (3.4 mL, 
24 mmol) in dichloromethane (25 mL) was added via cannula a solution of 
methanesulfonyl chloride (1.55 mL, 20.0 mmol) in dichloromethane (25 mL). The 
addition was completed in 5 min., the reaction mixture was stirred for another hour at 

1 5 0°C and then at room temperature for 2 hours. The reaction mixture was diluted with 
dichloromethane (50 mL) and washed with water (2 x 50 mL) and the combined 
aqueous washings back extracted with dichloromethane (25 mL). The combined 
organic layers were dried over sodium sulfate and concentrated in vacuo to provide 4.7 
g of the crude mesylate. 

20 (iii) To sodium hydride, 80% oil dispersion, previously washed with 

hexanes (3 x 10 mL), (0.62 g, 25.8 mmol) in dry dimethylformamide (25 mL) was 
added via cannula a solution of 4-bromophenethylalcohol (4.0 g, 20 mmol) in 
dimethylformamide (50 mL). Addition was followed by evolution of gas and the 
reaction mixture was stirred at room temperature for 4 hours. The mesylate as prepared 

25 in (ii) above was dissolved in dry dimethylformamide (50 mL) and the resulting 
solution was added quickly (3 min.) via cannula to the slurry of alcoholate. The 
reaction mixture was heated to 80°C for 2 hours, then the temperature was reduced to 
35°C and the reaction stirred overnight. The reaction mixture was poured into ice- water 
(800 mL) and extracted with ethyl acetate (3 x 200 mL). The combined organic extracts 

30 were backwashed with a saturated aqueous solution of sodium chloride (150 mL) and 



64 



dried over sodium sulfate. Evaporation of the solvent in vacuo provided 7.4 g of an oil 
which was dissolved in ether (80 mL) was treated with a saturated solution of HC1 in 
ether. An oil came out of solution, the solvent was evaporated in vacuo and the residue 
was dissolved in water (100 mL). The acidic aqueous solution was extracted with ethyl 
5 ether (2 x 50 mL) and then basified to pH 10 with 50% sodium hydroxide aqueous 
solution. The basic aqueous solution was extracted with ethyl ether (2 x 50 mL), the 
combined organic layers were dried over sodium sulfate and concentrated in vacuo to 
leave 3.67 g of the crude free amino ether. The crude product was purified by 
chromatography on silica gel 60 (70-230 mesh) with a mixture of ethyl 

10 acetate-dichloromethane (1:1, v/y) as eluent to provide the pure free base. The product 
was dissolved in ethyl ether (30 mL) and converted to the monohydrochloride salt by 
adding a saturated solution of HC1 in ethyl ether (30 mL). The solvent was evaporated 
and the residue dissolved in the minimum amount of ethyl alcohol, addition of a large 
volume of ethyl ether triggered crystallization. The crystals were collected to afford 

15 1.31 g of the title compound, m.p. 148-15 1°C, having the elemental analysis indicated 
in Table 1 . 

EXAMPLE 4 

(±)-Trans-[2-(4-Morpholinyl)-1-[2-(2-Naphthoxy)Ethoxy)]Cyclohexane 
20 Monohydrochloride 

(Compound #4) 

(i) The starting /nms-aminocyclohexanol is prepared according to 

example 1. 

(ii) To a chilled (0°C) solution of (±)-trans-[2-(4- 
25 morpholinyl)]cyclohexanol (3.0 g, 16.2 mmol) and triethylamine (3.4 mL, 24 mmol) in 

dichloromethane (50 mL) was added via cannula a solution of methanesulfonyl chloride 
(1.55 mL, 20.0 mmol) in dichloromethane (50 mL). The addition was completed in 10 
min., the reaction mixture was stirred for another hour at 0°C and then at room 
temperature for 4 hours. The dichloromethane mixture was washed with water (2 x 50 
30 mL) and the combined aqueous washings back extracted with dichloromethane (50 mL). 
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EXAMPLE 14 

( 1 R,2R)/( 1 S,2S)-2-(4-Morpholinyl)- 1 -(3,4-dichlorophenethoxy) 
cyclohexane monohydrochloride 
5 (Compound #14) 

The basic overall approach used to synthesize this compound is 
analogous to that shown in Figure 1 . 

(i) ( 1 R,2RV( 1 S.2S V2-( 4-Morpholinvncvclohexanol : A mixture of 
10 cyclohexene oxide (206.5 mL 5 2 mol, 98%) and morpholine (175 mL, 2 mol) in water 

(60 mL) was refluxed for 3.5 h. Morpholine (5.3 mL) was added to the reaction 
mixture, which was then further refluxed for 1 .5 h. in order to complete the reaction. 
The cooled reaction mixture was then partitioned between 40% NaOH aqueous solution 
(100 mL) and diethyl ether (200 mL). The aqueous layer was separated from the 
15 organic layer and extracted twice more with diethyl ether (2 x 100 mL). The combined 
organic extracts were dried over sodium sulfate and the solvent was evaporated in 
vacuo. Vacuum distillation yielded 342.3 g (92.4%) of the title compound. 

(ii) To a chilled (0°C) solution of (lR,2R)/(lS,2S)-2-(4- 
morpholinyl)cyclohexanol (40.76 g, 0.22 mol) and triethylamine (36.60 mL, 0.26 mol) 

20 in dichloromethane (400 mL) was added dropwise a solution of methanesulfonyl 
chloride (20.53 mL, 0.26 mol) in dichloromethane (50 mL). The reaction mixture was 
stirred at 0°C for 45 min. and then at room temperature for 3 hours. The reaction 
mixture was then washed with water (2 x 100 mL); the combined washings were back- 
extracted with dichloromethane (100 mL). The combined organic extracts were dried 

25 over sodium sulfate and the solvent was evaporated in vacuo to yield the crude mesylate 
suitable for the next step without any further purification. 

(iii) 3.4-Dichlorophenethvl alcohol : To a solution of lithium 
aluminum hydride (7.79 g, 195 mmol) in anhydrous diethyl ether (435 mL) was added 
slowly as a powder, via a solid dropping funnel, 3,4-dichlorophenyl acetic acid (27.20 g, 

30 130 mmol). When the addition was completed, the reaction mixture was refluxed for 
1 2 hours. The reaction was quenched by cautious addition of saturated sodium sulfate 
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dichloromethane (10 mL). The acidic aqueous solution was extracted once more with 
dichloromethane (10 mL), the combined organic extracts were dried over sodium 
sulfate and the solvent was evaporated in vacuo. Recrystallization from a mixture of 
ethanol-hexanes yielded 636 mg (38% yield) of the title compound, having the 
5 elemental analysis indicated in Table 1 . 

EXAMPLE 20 

(1R,2R)/(1S,2S>2-(3-Ketopyrrolidinyl)-1-[3- 
1 0 (cyclohexyl)propoxy]cyclohexane monohydrochloride 

(Compound #20) 

(i) 3-Cvclohexvl-l -propyl bromide : To the chilled (0°C) 3- 
cyclohexyl-l-propanol (5 g, 35.15 mmol) was added slowly a solution of phosphorus 

15 tribromide (1.1 mL, 17.6 mmol) in dichloromethane (2 mL). Upon completion of the 
addition, the reaction mixture was allowed to warm up to room temperature and was 
stirred for 4 hours. The reaction was quenched by addition of saturated sodium 
bicarbonate aqueous solution (5 mL) and 10% NaOH (10 mL). The resulting mixture 
was extracted with diethyl ether (3 x 50 mL), the combined organic extracts were dried 

20 over sodium sulfate and the solvent was evaporated in vacuo to provide an oil. Vacuum 
distillation yielded 3.4 g (47% yield) of the title compound. 

(ii) (lR,2RV(lS,2SV2-rL4-Dioxa^7-azaspiror4.4]non-7-vll-l-r3- 
(cyclohexvOpropoxv]cvclohexane : To a suspension of sodium hydride (200 mg, 8.33 
mmol) in anhydrous dimethylformamide (20 mL) was added a solution of 

25 (lR,2R)/(lS,2S)-2-(l,4-dioxa-7-azaspiro[4.4]non-7-yl)cyclohexanol (1.5 g, 6.6 mmol) 
in anhydrous dimethylformamide (10 mL). The resulting mixture was stirred at room 
temperature for 30 min. and then a solution of 3-(cyclohexyl)propyl bromide (1.67 g, 
8.15 mmols) in anhydrous dimethylformamide was quickly added. The reaction 
mixture was stirred at room temperature for 16 hours. The reaction mixture was poured 

30 into water (200 mL) and then extracted with ethyl acetate (3 x 50 mL). The combined 
organic extracts were back-washed with brine (50 mL) and the solvent was evaporated 
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diluted to 50 mL with water and extracted twice with diethyl ether (2 x 50 mL) and then 
thrice with dichloromethane (3 x 50 mL). The combined dichloromethane extracts were 
dried over sodium sulfate and the solvent was evaporated in vacuo, the residual oil was 
further dried by azeotropic distillation of toluene. The title compound was crystallized 
5 by triturating in hexanes (430 mg, 93% yield), and has elemental analysis indicated in 
Table 1. 
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where Ri 2 is selected from bromine, chlorine, fluorine, carboxy, hydrogen, hydroxy, 
hydroxymethyl, methanesulfonamido, nitro, sulfamyl, trifluoromethyl, C 2 -C 7 alkanoyloxy, 
C r C 6 alkyl, C 1 -C 6 alkoxy, C 2 -C 7 alkoxycarbonyl, C r C 6 thioalkyl, and N(R I5 ,R 16 ) where R| 5 
and R| 6 are independently selected from hydrogen, acetyl, methanesulfonyl, and Q-C 6 alkyl; 
and Z is selected from CH, CH 2 , O, N and S, where Z may be directly bonded to "X" as 
shown in formula (I) when Z is CH or N, or Z may be directly bonded to R 17 when Z is N, 
and R| 7 is selected from hydrogen, Ci-C 6 alkyl, C 3 -C 8 cycloalkyl, aryl and benzyl; 



including isolated enantiomeric, diastereomeric and geometric isomers thereof, 
and mixtures thereof. 

50. A compound according to claim 49 having formula (IX), or a solvate or 
pharmaceutical ly acceptable salt thereof: 




(VII) 



(VIII) 




R3 



(IX) 



wherein, independently at each occurrence, 



